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Abstract 
A study focusing on optimization and efficiency of relatively common solution for small span railway bridges is 
presented. The superstructure of the bridges is created by reinforced concrete deck with encased steel beams. Especially, 
flexural behaviour was analysed in the study. Actual bridge cross-sections as well as spans were taken into account. Actions 
according to new European codes were implemented. Usually, simplified uniform transverse redistribution of load for every 
one of encased steel girders across bridge cross-sections is practised in global analysis. As concrete slab and steel beams are 
composed together through encasement into steel concrete composite deck, its real behaviour is strongly influenced by the 
plate effects. Simplified procedures were compared to the models developed by finite analyses. Different types of steel 
cross sections have been analysed. Particularly, hot-rolled and built-up steel beams are compared. Moreover, unsymmetrical 
I-shaped and upside-down T-shaped welded steel sections were investigated. In addition, optimisation aspects based on 
material consumption as criterion would be presented. Finally, the influence of deck cantilever and cornice on flexural 
behaviour would be studied.  
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1. Introduction 
Composite steel and concrete beams are currently used in several areas of construction, including structures 
of administrative and industrial buildings as well as bridge superstructures. The effectiveness of this type of 
beams is based on the utilization of the favourable properties of basic materials, i. e. large stiffness and strength 
of concrete in compression and high strength of steel in tension. Composite structural system is especially 
effective alternative in the field of railway bridges. Approximately 14% of bridges in operation at the European 
lines are composite steel and concrete construction [1]. The countries like Germany (26%), Italy (24%) and 
France (20%) are leaders in this area. For the spans from 8 to 16 m, these filler beams even play a dominant 
role. Bridges with encased steel beams are the most common solution for existing railway bridges of small 
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spans also in the Slovakia [2]. Despite of their evident disadvantages, such as greater weight, less effective 
exploitation of material, the filer-beam deck bridges are still preferred not only by railway administrations. A 
key actual reason for design of this type of bridges is larger stiffness advantageous especially from the 
viewpoint of more strict criteria limiting deformations and improving dynamic behaviour, required by the 
contemporary higher-speed railways network. Small structural depth represents another significant advantage 
of the filer-beam deck bridge. Even experience with a long-time exploitation, retrofitting and maintenance may 
prioritise this type of superstructures [3]. Design of encased beam bridges has been supported in some 
European countries also by normative activities. For instance, the guidelines elaborated by International Union 
of Railways (UIC) [4] and the German code [5] or Czech rules [6] can be helpful. In our country, no modern 
standard existed before the relevant provisions of Eurocode 4 [7] were introduced. The directory [8] published 
to enhance using rolled sections Moreover the directory [8] has been elaborated for using of rolled sections and 
make application easier. Even though more detail background documents are still deficient.  
2. Parametric study 
2.1. Reasons and input parameter 
Nowadays, filler-beam deck bridges with rolled H-shaped beams are mostly proposed for new bridges by 
designers. They are preferred in spite of not very good indicator of consumption of steel. On the other hand built-
up welded cross-section can, in some cases, produce less expensive solution even though the built-up process 
increase unit costs of steel members. Additionally, some studies deals with untraditional shape of the sections, 
particularly the upside-down T-sections. The current global analysis of bridges is habitually much too simplified 
to the calculation of single beam model. In that case, a uniform redistribution of load through deck width is 
considered. Besides this approximate approach, 2D or 3D models developed in FEM software are used 
increasingly. A plate model of deck with steel beams approximated by ribs encased into the deck is applied as the 
most prevalent technique. The improved load redistribution can be thus expected and more accurate transversal 
forces obtained using this model. In the paper [10], the influence of side cornice and its effects on moment 
redistribution is investigated. Based on the real behaviour of existing bridges [3], it can be stated that the cornice 
part calculated as lightened console without acting with encased beams underneath may be recommended.  
 
To compare material efficiency of different type of beams and suitability of applied analysis, following 
parametric study was executed. A superstructure carrying one track line of two-track railway bridge was 
considered, see Fig. 1. Total width of concrete deck under one track including both side cantilevers was 7, 2 m. 
The five simply supported span values of bridge were intended, i. e.: 8. 0 m, 10. 0 m, 12. 0 m, 14. 0 m and 16. 0 
metres. Moreover, the investigation took into account the four possible width of the filler beam deck, i. e.: 2. 5 m, 
3. 0 m, 3. 5 m also a wider alternative with slab 4. 0 m wide. These input data correspond to bridge decks with 5, 
6, 7 and 8encased beams, respectively, inside a filler-beam deck. Thus, twenty different bridge deck forms were 
arranged. Moreover, three different types of steel beams were considered in the parametric study. Firstly, 
unsymmetrical welded I-shaped profiles were examined. Further, upside-down T-shaped welded cross-sections of 
steel of the same height were studied. Finally, the pre-verified types of rolled H-beams from the catalogue [8] 
were compared with the previous two alternatives of beams. Steel grade S275 for beams and B500B for 
transversal reinforcement was taken into account. Material of concrete C30/37 was considered.  
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width of filler-beam deck 
total deck width with cantilevers 
inner console outer console 
 
Fig. 1. Cross-section of investigated bridges 
Table 1. Basic input data 
Theoretical length 
of the span (L) in 
[m] 
Height (h) of 
welded beams in 
[mm] 
Spacing between 
(sw) steel beams in 
[mm] 
Concrete 
coverage(c) of the 
beams in [mm] 
Width of filler-
beam deck in [m] 
Total deck width 
with cantilevers in 
[m] 
8 420  500 100 2. 5, 3. 0, 3. 5, 4. 0 7. 2 
10 500 500 100 2. 5, 3. 0, 3. 5, 4. 0 7. 2 
12 550 500 100 2. 5, 3. 0, 3. 5, 4. 0 7. 2 
14 600 500 100 2. 5, 3. 0, 3. 5, 4. 0 7. 2 
16 700 500 100 2. 5, 3. 0, 3. 5, 4. 0 7. 2 
 
The selection of input data for filler-beam bridge structures in the table 1 should respect the required limit 
conditions given in guidelines [4, 6 and 8]. The bottom flanges were not encased as permanent shuttering with 
thickness of 30 mm was obviously placed on the top surface of bottom flanges for all types of cross sections. 
Transversal reinforcement ø16 mm was passing through ø40 mm holes in beams' webs.  
 
In addition to basic beam model, considering uniform redistribution of load transverse deck width, the 
numerical model using 2D mesh of finite elements for the deck with steel beams modelled as encased ribs were 
executed for all alternatives. Size of the girders resulted from verification process. The actual version of 
Eurocode 4 [7] was applied. Thus, some differences in comparison with a former preliminary code was taken 
into account, [11]. Approximately the same level of plastic bending resistance of the composite sections was 
respected in all the cases. Together with dead and permanent actions, the traffic load model 71 and model SW/2 
according to Eurocode 2 [12] were taken into account. Verification of serviceability limit stats was executed as 
well. Both construction procedures and rheology effects were considered in the elastic calculation of stresses. 
Also deformation had to be verified.  
2.2. Consumption of steel 
In the figure 2, consumption of steel for the investigated bridges is given. The steel amount is expressed by 
the steel beam mass of deck cross-section per bridge length unit. At the first left diagram (a), this relationship is 
given for unsymmetrical I-shaped steel sections. The column diagrams at right-part of figure (b) are valid for 
upside-down T-shaped sections. The detail check can show that in case of wider bridges certain savings of steel 
material can be gained. Decreasing consumption of steel in cross-section with growing width is more 
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significant in the case of upside-down T-beams. For wider decks (from 3. 0 to 4. 0 m), the results of using 
asymmetric welded I-beams seem to be practically very similar.  
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Fig. 2. Steel consumption as function of spans and bridge widths: (a) unsymmetrical I-beams; (b) upside-down T-beams 
Alternative review of steel consumption for three investigated steel beam cross-sections can be seen in the 
figure 3. Basic values were obtained by analyses according to UIC recommendations [8], predominantly valid 
for rolled H-beams. It can be seen, that the use of build-up welded cross-sections may result to material saving 
in all cases. Especially, replacement of rolled beams by easy optimised built-up girders can provide economic 
solution for smaller spans. Particularly, the bridge superstructures up the spans of eight meters long, economy 
of steel material could amount about 50%, anyway of deck width might be.  
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Fig. 3. Steel consumption relative to values provided by UIC recommendations [8] 
Apparently, the use of alternative unsymmetrical section , either I-beams or T-beams, can lead to significant 
savings in steel, especially for shorter bridges. Anyway, it cannot be definitely concluded from the study, if 
either I or T beam application is more suitable. More aspects, like a construction depth of the bridge, different 
beam spacing and construction method of the bridge, particularly, should be taken into account.  
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2.3. Suitability of simplified method 
The obvious simplified method considering uniform load redistribution at the individual beams are still 
recognised by the codes [4, 5 and 8] for global analysis of the filler-beam decks. In this case, a plate behaviour 
of the deck is ignored. Nevertheless, measurements on real structure [2] confirmed the three-dimensional 
behaviour of this type of bridge decks. The further study therefore would check this simplified method and 
more efficient plate model with encased ribs built in finite element method. Values of transversal deformation 
of deck cross-section in the mid-span were checked in details. For flexural behaviour, such interpretation is 
plenty adequate. Deflections produced by serviceability limit state combination of actions of beams are 
illustrated in the figures 4and5. Basic values of the beam deflections provided by current simplified method 
considering uniform load distribution are 1. 0. The ratio of these values to the ones received from more 
complex finite models for deck 5 m wide with 5 beams is shown in the Fig. 4. The same relationship, but for 
the case of 4. 0 m wide deck, can be seen in the Fig. 5.  
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Fig. 4. Relative deflection in the case of 2. 5 m wide deck with 5 beams: (a) unsymmetrical I-beams; (b) upside-down T- beams 
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Fig. 5. Relative deflection in the case of 4. 0 m wide deck with 8 beams: (a) unsymmetrical I-beams; (b) upside-down T- beams 
From the results of the study, it is evident that by using plate model of the filler-beam decks, more accurate 
flexural behaviour can be obtained. Moreover, if simplified method with uniform redistribution of load to the 
beams is applied, inferior value of stress could be determined in the outside beams. In addition, transversal 
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reinforcement cannot be designed properly based on results produced by simplified approach. When the plate 
finite element model was used in the study, the bending moment in outside beams could reach 12-16% greater 
value, depending on the deck width. This outcome decreases significantly with the span. For longer spans (16. 
0 m), the difference might be lesser than 3%. It can be concluded, that plate behaviour is more proper in the 
case of wider decks.  
3. Conclusion remarks 
The filler-beam bridges represent an effective type of bridge structure for crossing the span range from 6 m to 
15 m. This type of bridges can offer advantages of application of the continuous ballast bed, relatively reduced 
structural depth, improved static and dynamic stiffness as well as the easy bridge building process. Nevertheless 
some disadvantages, this type of bridges may represent important superstructures not only in our country. Beside 
the classic rolled H-sections, alternative welded built-up girders can lead to more economical design of this type 
of bridges, especially of shorter span. Furthermore, more correct flexural behaviour can result from the finite 
models application.  
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